Objectives: To examine maternal nutritional status and its relationship to infant weight and body proportions. Design: Retrospective study of births from January±December 1990. Setting: University Hospital of the West Indies, Jamaica. Subjects: Records for 2394 live, singleton births, between 200±305 d gestation. Main outcome measures: Birth weight, crown heel length, head circumference, ponderal index, head circumference:length ratio, placental weight, placental:birth weight ratio. Results: Mothers who were lighter had babies who had lower birth weight, were shorter, had smaller heads and had a higher HC:L ratio. Shorter and thinner women had babies who had lower birth weights, were shorter, had smaller heads and lighter placentas. Thinner women also had babies with a lower placental:birth weight ratio, and their BMI's were not linearly related to ponderal index and HC:L ratio. Women whose ®rst trimester Hb levels were`9.5 g/dl had babies with the lowest birth weight, crown heel length, placental weight and ponderal index. These measurements increased as the Hb levels rose to 12.5 g/dl but then fell at Hb levels b 12.5 g/dl. In the second and third trimester Hb levels were negatively associated with birth weight, crown heel length, head circumference, placenta weight and ponderal index. Conclusions: The data support the hypothesis that poor maternal nutrition is associated with foetal growth restraint. Poor maternal nutrition as indicated by low weight, height, and BMI are associated with smaller, shorter babies with smaller heads. Haemoglobin levels b 12.5 g/dl in pregnancy are associated with lighter, shorter, thinner babies, with smaller heads.
Introduction
Perinatal morbidity and mortality are related to growth restraint in utero which presents as low weight at birth. The evidence that the low birth weight infant (BWT`2500 g) is at risk at birth, perinatally and in early life, is well documented (Kramer, 1987; Naeye, 1979) . So is the role of maternal nutritional status in in¯uencing infant size (Kramer, 1987; Naye, 1979) . Post maternal nutrition is associated with constrained foetal growth and therefore lower birth weight. Restriction of energy and/or protein intake by mother during pregnancy is associated with small size at birth in rats, mice, sheep and pigs (Widdowson, 1971; Chow, 1964; Zeman, 1969; McCance, 1974; Levy and Jackson, 1993; Widdowson and McCance, 1963) . In humans, children of mothers who are poorly nourished before and during pregnancy are smaller at birth (Barker, 1994) . Mothers who were small at birth in turn give birth to small babies (Barker, 1994; Stein and Susser, 1975) .
Recently, retrospective studies by Barker and colleagues have shown that the risk of chronic cardiovascular disease in adulthood is inversely related to birth weight, even within the normal range (Barker, 1994) . Speci®c relationships were shown between different patterns of foetal growth restraint and type of chronic cardiovascular disease in adulthood. Thus, adults who were small babies with reduced birth weight had increased blood pressure, thin babies (low ponderal indices) developed high blood pressure and non insulin dependent diabetes, while disproportionate babies (short in relation to head circumference) were shown to be at risk as adults for raised blood pressure, LDL cholesterol, and ®brinogen (Barker, 1992; Barker, 1993) .
The relationships between impaired foetal growth and risk factors for chronic cardiovascular diseases have also been demonstrated in childhood (Law et al, 1991) . In recent studies of Jamaican children aged 7±14 y, birth weight was inversely related to blood pressure, and crown heel length at birth was inversely related to glycosolated haemoglobin levels and serum total cholesterol concentrations. Blood pressure in children was also inversely related to maternal haemoglobin concentration (Forrester et al, 1996) . However, thin maternal triceps skinfolds during pregnancy was a more powerful predictor of blood pressure in childhood than maternal haemoglobin concentration (Godfrey et al, 1994) .
In situations of marginal nourishment there is some evidence that mothers adjust their metabolic demands, hence potentially sparing nutrients for the development of the foetus (Poppit et al, 1994) . However, where there is chronic undernutrition, the limits of adaptation might be exceeded and foetal growth become impaired. Inadequate protein and energy intake may be common among some poorer mothers in a developing country and could contribute to foetal growth restraint (Kramer, 1987; Thongprasert et al, 1987) . Evidence from studies in rats indicate a negative relationship between maternal protein intake and blood pressure in their offspring (Langley and Jackson, 1994) .
The age adjusted prevalence of hypertension in Jamaica is approximately 23%, and, based on the hypotheses above, this high rate might in part related to impaired fetal growth (Miall et al, 1972; Cooper et al, 1996) . This study was carried out to examine the relationship between maternal nutritional status and weight and body proportions at birth as they may have implications for the incidence of chronic cardiovascular diseases in later life.
Subjects and methods
We used routinely kept antenatal records of weight, height and haemoglobin concentration from the University Hospital of the West Indies (UHWI) to obtain information on maternal nutritional status. Mothers attended clinic for booking between 8±10 weeks gestation, when their weight, height and haemoglobin levels were recorded. In addition, weight was measured in antenatal clinic at 4 week intervals up to 32 weeks gestation, then fortnightly to 36 weeks and weekly thereafter to term. In some mothers, haemoglobin was again measured at twenty-®ve to twenty eight, and at thirty-®ve weeks of gestation. Haemoglobin levels were measured on a Coulter Counter model T899 using standard automated techniques. Measurements of the newborn's birth weight, crown heel length, and head circumference are routinely made at the UHWI by midwives. Ponderal index, PI, (wt/ht 3 ) and head circumference to length ratio HC/CHL, an index of disproportion, were calculated. 3054 patients delivered at the UHWI between January 1 and December 31, 1990. Records for 92% (2804) of these were available for inspection.
Data are expressed as means AE s.d. Maternal weight, height, and BMI were divided into quintiles, and haemoglobin levels in each trimester were divided into categories. Minimum haemoglobin, the lowest haemoglobin recorded for a mother during pregnancy, was identi®ed and categorized similarly. Analysis of variance and tests for linear trend were used to compare means. Multiple regression analysis was used to examine relationships between maternal characteristics and birth outcomes. Analysis was performed using the SPSS-PC statistical package.
Results
Analysis was con®ned to 2394 infants. This represented 78% of all deliveries for the year 1990, and 85% of all the dockets available for inspection. The remaining 15% were omitted from the analysis, if women had had multiple births, or delivered foetuses with gestational age less than 200 d.
Mothers' mean age and BMI were 24.6 y and 24.2 kg/ m 2 respectively. Mean haemoglobin levels for each trimester were in the normal range (Table 1) . Babies were 3.1 kg on average, but there was a wide range of birth weights in this population (Table 1) . Mothers who were lighter had babies who had lower birth weight, were shorter, had smaller heads and had a higher HC/L ratio ( Table 2) . They had lighter placentas and lower placental:birth weight ratios. Maternal weight was not related to ponderal index (Table 2 ). Maternal weight gain in pregnancy was not related to any newborn measurement, but was weakly related (B 1.12 AE 0.51, P 0.03) to placental weight in a multiple regression analysis.
Shorter women had babies who had lower birth weights, were shorter, had smaller heads and smaller placentas. Maternal height was not related to ponderal index, HC/L ratio and the placental:birth weight ratio (Table 2) .
Thinner mothers had babies who had lower birth weights, were shorter, had smaller heads, lighter placentas and lower placental:birth weight ratios. BMI was not linearly related to ponderal index or HC/L ratio; however those women with the lowest BMI's had babies with the lowest PI and highest HC:L ratio (Table 2) .
Birth weight, crown heel length, placental weight and ponderal index were lowest in mothers with ®rst trimester haemoglobin levels 9.5 g/dl (Table 3) . These measurements tended to increase as the haemoglobin levels rose to 12.5 g/dl, but then to fall off at haemoglobin levels b 12.5 g/dl. The test for linear trend was only signi®cant for ponderal index. In the second and the third trimesters, haemoglobin levels were negatively associated with birth (Variability in n re¯ects the availability of information from the records).
Maternal nutritional status M Thame et al weight, crown heel length, head circumference, placental weight and ponderal index. The relationship with birth weight and third trimester haemoglobin were best descried by a quadratic function, with lowest birth weights observed at haemoglobin concentrations less than 9.5 g/dl and greater than 12.5 g/dl. There was no association with HC/ L ratio, and placental:birth weight ratio. Minimum haemoglobin, which was the lowest haemoglobin level at any time during pregnancy was also negatively associated with birth weight, crown heel length, head circumference, placental weight and ponderal index. These associations were all signi®cant except for ponderal index and head circumference:length ratio. Mothers whose minimum haemoglobin levels did not fall below 12.5 g/dl had babies who weighed less, were thinner, shorter, and had smaller heads. Their placentas were also smaller but there was no association with head circumference:length ratio (Table 3) . The subgroup of women with haemoglobin in excess of 12.5 g/dl at booking were similar to the other groups of women in anthropometry and age. However, blood pressure was higher, systolic blood pressure 113 mmHg vs 110 mmHg, P`0.001. The prevalence of hypertension in pregnancy and pre-eclampsia was not different in this subgroup compared with the others.
Younger mothers had babies who were lighter, were shorter, had smaller heads, and lighter placentas. The head circumference:length ratio was highest in the younger mothers, but ponderal index did not vary (Table 2) . However, in a multiple regression analysis, age did not make an independent contribution to birth weight after taking account of mother's weight, height, parity, child's gender and gestational age.
In order to identify the independent predictors of birth outcome, the variables with signi®cant Pearson correlation coef®cient were included in a regression analysis. The independent variables were gestational age, gender, maternal age, weight, height at booking, haemoglobin in each trimester, minimum haemoglobin during pregnancy and weight gain in pregnancy. With birth weight as the dependent variable 24% of the variance was explained by gender (girls were lighter), gestational age, maternal ®rst trimester weight and height. Neither maternal age nor parity made a signi®cant contribution. For length at birth (crown heel) 9% of the variance was explained by gender (girls shorter) gestational age, maternal weight and height at booking, and minimum haemoglobin in pregnancy (inverse). Likewise, 11% of the variance of head circumference was explained by gender (girls had smaller heads) gestational age, maternal ®rst trimester weight, and minimum haemoglobin. Weight gain in pregnancy made no independent contribution to outcome of any of the three newborn measurements.
Discussion
Some of the accepted indices of maternal nutritional status are weight, height, BMI, and Hb levels; our data show that babies who were born lighter, thinner, and disproportionate had mothers who were younger, lighter, shorter and thinner, and had higher Hb after the ®rst trimester during pregnancy. HC : L Head circumference : Length ratio ( 6 100). PLWT Placental weight. PI Ponderal index. P/B Placental : Birth weight ratio ( 6 100). n Number. * P`0.05; ** P`0.01; *** P`0.001 (test for linear trend).
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Regression analysis indicated that maternal booking weight was the strongest predictor of birth outcome. The retrospective nature of the study did not allow us to obtain prepregnancy weights, so mother's weight at 8±10 weeks postconception was used as a proxy for her prepregnancy weight. Gueri et al (1982) , have suggested that there is an increase of only 1.7% over the prepregnant weight during the ®rst 13 weeks of pregnancy. In this group of mothers, 13% had a BMI 19, suggesting that they entered pregnancy on a lower nutritional plane, and we have shown previously that mothers with thinner triceps skinfolds had children who at age 11 y had higher blood pressures (Godfrey et al, 1994) .
Our ®nding that women with lower BMI gave birth to babies who were lighter and shorter and had smaller heads are similar to those of several studies which have examined the relationship between maternal size and foetal outcome (Stein and Susser, 1975; Pivalizza et al, 1990; Baqui et al, 1994; Mavalankar et al, 1994) . Pivalizza et al (1990) , found that among South African women, those who produced light for date infants were the same height as study controls but they weighed less, suggesting that weight-forheight was an important determinant of reduced fetal growth. In a study in India, low maternal weight was found to be the major risk factor for low birth weight (Mavalankar et al 1994) , but maternal height was also a predictor of birth weight. This is not unexpected since short stature may well be a re¯ection of poor maternal nutrition during her growing years. Our data are consistent with these observations. Maternal haemoglobin concentration appeared to have two distinct in¯uences on birth outcome. At booking, haemoglobin concentration was positively associated with newborn size, namely weight, length and head circumference. This association in early pregnancy might re¯ect overall maternal nutritional status (Godfrey et al, 1991) . However, the fall-off in ponderal index at haemoglobin concentrations exceeding 12.5 g/dl might point to maternal circulatory dysfunction.
In the second and third trimesters, haemoglobin was negatively associated with size at birth. We speculate that this re¯ects the well recognized relationship between maternal hemodilution and fetal growth. Hemodilution is a feature of normal pregnancy, and haemoglobin concentrations exceeding 12.5 g/dl indicate inadequate hemodilution. Rosso et al (1992) suggest that women who are chronically undernourished are unable to haemodilute adequately, and their reduced plasma volume is associated with a lower mean birth weight (Goodlin, 1983) . Failure to haemodilute appropriately, as indicated by higher minimum haemoglobin during pregnancy, is associated with smaller size at birth (Goodlin, 1983) .
Lastly, anaemia is likely to obscure these relationships. Anaemia in pregnancy is, itself associated with smaller size at birth (Kramer, 1987) . In our population of women, haemoglobin concentration below 10.5 g/dl in the third Hb3 Haemoglobin in the third trimester * P`0.05; ** P`0.01; *** P`0.001 (test for linear trend).
Maternal nutritional status M Thame et al trimester was associated with lower birth weight, ponderal index, and a higher placental to birth weight ratio. In our sample, age was also related to foetal outcome. Younger mothers have smaller babies for a variety of reasons. One contributor is thought to be competition for nutrients in the younger mothers who are themselves still growing. Younger mothers in our population were also thinner, and had lower parity, and the effect of age was not related to parity. However, age did not make an independent contribution to birth weight after taking account mother's weight, height, parity, child's gender and gestational age. Similar ®ndings have been seen in previous studies where there were no signi®cant differences in birth weight between adolescent and young adult women (Horon et al, 1983) .
In summary lighter, shorter babies and babies who were disproportionate were born to mothers who were younger, lighter, shorter and thinner. Inadequate hemodilution, and anaemia probably also contributed to smaller size at birth, but these inferences were based on haemoglobin concentrations only.
Because variations in size at birth which re¯ect fetal growth restraint appear to be early markers of chronic cardiovascular disease in adulthood, there is the need to explore the mechanisms which underlie these apparent effects of maternal nutritional status on fetal growth and development.
